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LWted h t a  covering extension of the U. S . Air Force tramonic- 
flight  tests of the XS-1 airplane are presented. W e e  data show that 
successful  flight to a Uch rimer of 1.35 has been achfeved at 
dti tudea above 40,000 feet. Longitudfnal trim changes were experienced 
to the highest Mach nmibers attained, with the wheel forces ~6m&knlng 
anall and the pilot  able to control  the afrplane with eEtBe. The 
airplane becams right -%+kg heavy above a Mmh number of 0.8 but can 
be trimmed w i t h  the aileron. No aileron buzz o r  f lu t te r  phenomena 
have been encountered. B e e t -   ha^ been light, when encountered in 
the range of Mach number and l i f t  coefficient covered by theee data. 

As par t  of an accelerated traneonic -fLLght research program, the 
XS-1 airplane with an 8-percent-thick w i n g  and. a 6-percent -thick 
horizontal tail  ha^ been util ized by the U. S . Air 'Force, Wright 
Field F-t Test Diviaian, to   a t ta in  flight at meeds greater thes 
the speed of sound. The intent i~ not t o  naalrs detailed  inveetigations, 
but to make a8 large & Mach nWer  increase in succeeaive flights a6 
is c&istent with safety. In this cooperative program between the 
Wrlght Field Flight  Test  Division and the NACA, the flying is done 
by a Pllght  Test  Divieion  pilot, and the data reduction and analysis 
a m  made fromXACA instZtnn01rbS by NACA personnel. 

. Previous r e p o r t e  (see references 1 and 2) have covered mre 
intensively  the flight teste of the ICs-1 amlase from a Mach nzrmber 
of 0.71 t o  a Mach nmiber of 1.15. W e  report presents =tad data 
on the extension of Air Force fl ights of the XS-1 a f r p b  t o  a Mach 
number of 1.35 at an alt i tude of 49,000 feet. 
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Mach n m h r  uncorrected for  poeit lon  error 

Mach nWer corrected  for error in measurement of s t a t i c  
pressure but uncorrected for the theoretical loss in 
t o t a l  head beW a detached bow w&ve 

Mach nurmber corrected for error in measurement of s t a t i c  
pressure Ebnd for the theoretical loss in t o t a l  head 
behind a detached bar wave 

elevator  position, degrees 

stabilizer position, degree8 

elevator wheel force, pounb 

aileron  position, b g r e e s  
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H” pressure altitude, uncorrected f o r  position error, feet 

H pressure altitude, corrected for error in measurement of 
static presmm, feet 

The XS-1 airplane uti l ized in the U. S. Air Force traneonic-flf@i 
tests incorporates an 8-percent-thick wing and a 6-percent-thick 
horizontal tail. The power p h t  is a Reaction &tore, k c .  model 6000 
C-4 rocket ensine, wing diluted ethyl alcohol as fuel ad. liquid 
w g e n  88 oxidizer. The dhmn6iom of the amlane are shown in 
figure 1. 

FUght  conditions of the airplane are a.6 follows: 

Launching: 
Weight, pounds . . . . . . . . . . . . . . . . . . . . . . .  12,365 
Center-of -gravity position, percent M.A.C . . . . . . . . . .  22.1 

End of powered flight: 
Weight, pound6 . . . . . . . . . . . . . . . . . . . . . . .  7- 
Center-of -gm.vity position,  percent M.A.C . . . . . . . . . .  19.6 

Landing: 
Weight, pounds . . . . . . . . . . . . . . . . . . . . . . .  7-u.5 
Center-of -gravity  position, sercent M.A.C . . . . . . . . . .  25.3 

Fuel consuqption per rocket, pounds per second per  cylinder . . 7.91 

Rated rocket thrust, pounds per  cylinder . . . . . . . . . . .  w o  
V a l u e s  of weight esd, therefore,  center-of-gravity  location are 

diff icul t  to  ascertain  precieely because of the ragid rate of propellant 
conslrmption. The values given in thfe report are accurate t o  %I .2 per- 
cent mean aerodynamic chord. 

Measurements of airspeed,  altitude, no& acceleration,  elevator 
position,  shear and bending mmnt on the right horizontal   tai l ,  and 
bending moment on the right wing are recorded  internally on s ” d  
NACA instnmrents. In addition, measurements of right-aileron  position, 
stabilizer poeition,  elevator wheel force, altitude, airspeed, asd 
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normal acceleration a m  telemetered to  a ground receiving station and 
recorded on a Consolidated oscillograph. In cases of duplication of 
data, the data obtained fKrm the internal instrument8 a r e  presented 
in the results. Referance 1 presents a C O I I T ~ W ~ B ~ ~  of the telenmtered 
and recorded results. 

A callbration of the aimpeed installation w&8 made, u t i l i z k g  the 
mdar tracking method described fn reference 3.  The calibration is 
shown In figure 2. 

A time historg of a CU&I t o  41,000 feet, asd a speed run at this 
altitude, is presented in figure 3.  A pull-up was made at the end of 
thls run at 89 uncorrec-ked Mach m e r  of 1.08. The variation of wheel 
force and elevator  deflection are considerably larger than those 
encountered In mdlskg similar maneuvers at lower Mach nmibers ae 
reported in reference 4. V e q -  light b u f f e t a  w a s  encountered in the 
range of normal-force coefficient8 and Mach m m f b e r B  covered. The 
irregularities in the measured values  indicated h the time period 
of 214 t o  218 seconds are probably due to actuation of the  stabilizer. 
Xo data of the  stabilizer  position were obtained during thFe period, 
but recorded v a l u ~ s  of stabilizer  position preceding the time8 shown 
and at times a f te r  225  second^ ehow that the stabilizer had been 
mved from 0.5O t o  2.00 incidence. 

Figure 4 ~hows a time history of  measured q u a s t i t b e  d u r a  a 
clb& t o  52,OOO feet  and  a shaUou dive t o  49,000 ,feet. A pull-up 
. x a ~  started at an uncorrected Mach rider of 1.25 and completed, at 
an uncorrected Mach r u d e r  of 1.12. The Etick-force gradient waa 
about the same as in figure 3. The pilot stated that the ailerons 
remained effeotive t o  the maxbmam Mach number attained. Very mild 
buffeting was encountered in the range of normal-force coefficients 
and Mach nmibers covered in  these data. 

Figure 5 shows the varieLtian  of several measured quantities w i t h  
corrected Mach rider at conetest lift coefficimts of 0.24 an8 0 -40 
Is general, the variations of elevator  position and elevator  force 
m e  similar t o  those reported in references 1 and 2. These data 
cover a Mach n W e r  range through xhich the airplane was not In 
stabilized  flight at any one Maoh nmiber. The data, therefore, do 
not presant  the actual variation of airplane trim position within 
the presented Mach nmiber m e .  A qualitative asalgsis can be 
mde, and there appears t o  be a change in trim in the n0~1e-y~ U c t i o n  
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between W h  nmbers of 0.91 and 1.2. A t  higher Mach Illlnibers, there 
appears t o  be a slight nose-down chmge in trim which continues t o  
the maximum Mach number attained. The p i l o t  changed the stabilizer 
position d u r a  the flight t o  e z e  the effects of the changes 
of trim. 

Figure 6 &LOWE the vmzktion of right, aileron angle with Mach 
nurdber as compared with simiLar data f r o m  reference 2. Became the 
a i rp lane  is not fnetrmented to measure rolling velocity, the data mey 
include points at wbich the airplane w a ~  r o l l b g  o r  at whfch the 
airplane W&B laterally out of trim which mqy account for the scatter 
There is, hmver,  a definite indication of airplane right -wfng 
heavhess. No aileron buzz or other flutter phenomena have been 
encountered in the Mach nuuiber range covered. 

1. Satisfactory extanelon of flight of the XS -1 a m h e  to  a 
Mach nmiber of 1.35 has been achieved. 

2. Longitudinal trim changes PlEtVe been experienced ‘~rp to the  
highest Mach number attained, but wheel forces have been 8rd.l. 
The pi lot  wa,s able t o  control the airplane w i t h  ease. 

3. The airplane becomes right-whg heavy above a Mach rimer 
of 0.8 but can be trimmsd w i t h  the ailerons. 

: 
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4. Buffet ing has been light, when encountered in the range of 
Mach nmiber and IlFt coefficient covered by these data. 

5. T?o aileron buzz or  f lu t t e r  phenomena have been encountered. 

Langley Aeronautical  Laboratoq 
National Advisory  Comnittee fo r  Aeronautics 

Langley Field, Va. 

Hiibert M. Drake 
Aeron&utical Reseazch Sciestist  

Approved : 

. sod 
Assistant Chief of Research 

2. Williams W . C . , and Beeler, De E. : RmriLts of -1- Fllght 
Tests of the XS-1 Airplans (8-percent Wbg) t o  a Mach N M e r  
of 1.25. NACA RM No. L8A23a, 1948. 
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Figure 3 .- Tfme history of m e w e d  quantities during speed run. 
Flight 15. Air-force tes ts .  XS-1 airplane. 8-percent wing. 
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Figure 4. - Time hietom of measured quesltities during speed run1. 
Flight 16. Air-force t e s t a .  El-1 airplane. 8-percent w i n g .  
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